In this communication, we report the synthesis of triarylamine-conjugated bis(dipyrrinato)zinc(II) complexes 1 and 2, and disclose their photochemical and electrochemical properties. The structures of 1 and 2 were determined by means of single-crystal X-ray structure analysis. The effect of the triarylamine moieties on the UV-vis spectra of 1 and 2 was not large, although it significantly quenched the fluorescence of 1 and 2. Cyclic voltammetry and differential pulse voltammetry revealed that 1 and 2 underwent oxidation up to four electrons. Since they bear two triarylamine entities and two dipyrrinato ligands, the oxidation is assignable to the one-electron oxidation processes of each of the four moieties. The redox reversibility was much higher in 2 than that in 1. The introduction of ethyl groups on the 2 and 6 positions of dipyrrin moieties contributed to the enhancement of the electrochemical reversibility.
Introduction
Triarylamine features electron donor ability, reversible redox behavior, and photochemical activities. 1 We have appended triarylamine to various dye molecules so that we can enhance their photochemical properties. 24 Triarylamine-conjugated dimethyl 2,3-diethynylfumarate possesses an intramolecular charge transfer (ICT) transition, which leads to an extension of the E-Z photoisomerization response. 2 In addition, the photoisomerization is accompanied by a switch in the strength of electronic communication between the triarylamine sites and fluorescence intensity. We previously reported that meso-di-(p-methoxyphenyl)amino porphyrin has valuable photo-and electrochemical properties, or intensified absorptivities at long wavelengths and excellent durability of the oxidized forms. 3a Taking advantage of these gifts, we created a new class of special pair models so that we could observe greater absorptivities at long wavelengths than in conventional porphyrin dimers, and quantify an inter-valence charge transfer (IVCT) band in the mixed-valent cation state. 3b We also integrated triarylamine into a Pechmann dye, realizing a quadrupolar molecular system potentially applicable to organic electronics. 4 BODIPYs, boron difluoride complexes of dipyrrins, are famous dye molecules featuring strong light absorption, excellent photostability, and high fluorescent quantum yields (º F ). 5 In order to alter the photoproperties of BODIPYs, various modifications have been investigated, which include triarylamine conjugation. 6 Dipyrrins can also accept a variety of metal ions, such as Fe(III), Co(III), Ni(II), Cu(II), and Zn(II); 7 however, less concern has been addressed to the metal complexes than to BODIPYs.
In this communication, we report the synthesis of triarylamineconjugated bis(dipyrrinato)zinc(II) complexes 1 and 2 ( Fig. 1) , and investigate the influence of the triarylamine moiety on the photochemical and electrochemical properties. We note that electrochemical measurements on bis(dipyrrinato)zinc(II) complexes are very rare.
Experimental

Materials
All commercially available chemicals were used without further purification. Ligands L3 and L4, and zinc(II) complex 4 were synthesized according to the previous literature. 8 
Synthesis of L1 and 1
To a dichloromethane (100 mL) solution of 4-(bis(4-methoxyphenyl)amino)benzaldehyde (0.66 g, 2.0 mmol), 2,4-dimethylpyrrole (0.56 mL, 4.2 mmol) and trifluoroacetic acid (0.0010 mL) were added and stirred 90 min. After the consumption of the aldehyde was confirmed, a dichloromethane suspension of chloranil (0.49 g, 2.0 mmol) was added to the reaction mixture and stirred 10 min. The residue was directly poured onto a column of alumina and eluted with dichloromethane to give L1 as a brown oil, which was used without further purification for the next step.
To a methanol (10 mL) solution of zinc(II) acetate (16.5 mg, 0.0906 mmol) and triethylamine (25.3 µL, 0.182 mmol), a chloroform solution of dipyrrin ligand L1 (91.5 mg, 0.182 mmol) was added and stirred 120 min at room temperature. The reaction mixture was evaporated and recrystallized from chloroform/methanol twice to give 1 as brown metallic crystals (58 mg, 54% 
Synthesis of L2 and 2
To a dichloromethane solution of 4-(bis(4-methoxyphenyl)-amino)benzaldehyde (0.66 g, 2.0 mmol), 3-ethyl-2,4-dimethylpyrrole (0.41 mL, 4.1 mmol) and trifluoroacetic acid (0.0010 mL) was added and stirred 75 min. After the consumption of the aldehyde was confirmed, a CH 2 Cl 2 suspension of chloranil (0.49 g, 2.0 mmol) was added to the reaction mixture and stirred 10 min. The residue was directly poured onto a column of alumina and eluted with dichloromethane. The purple fractions were collected and evaporated to give L2 as brown oil. The product was used for the next reaction without further purification.
To a dichloromethane (10 mL) solution of zinc(II) acetate (70 mg, 0.38 mmol) and triethylamine (240 µL, 1.72 mmol), a dichloromethane solution of ligand L2 (0.42 mg, 0.75 mmol) was added and stirred 10 min at room temperature. Methanol was added to the reaction mixture and evaporated to give brown crystals. 
Synthesis of 3
To a dichloromethane (20 mL) solution of zinc(II) acetate (28 mg, 0.15 mmol) and triethylamine (45 µL, 0.48 mmol), dichloromethane (6 mL) solution of ligand L3 (97 mg, 0.30 mmol) was added and stirred 10 min at room temperature. Methanol was added to the reaction mixture and evaporated to give brown crystals. Repeated recrystallization from methanol/ dichloromethane yielded 3 as red powder (88 mg, 84% 
Single-crystal X-ray diffraction (XRD) analysis
X-ray diffraction data were collected at 133 K (for 1) and 93 K (for 2) on a Rigaku Saturn CCD system with a graphite-monochromated MoK A radiation ( = 0.7107 ¡) using Crystal Clear (Rigaku). The structure was solved by direct method and refined by full-matrix least-squares using SHELXS-97 in Crystal Structure 4.0 (Rigaku). 9 CCDC number: 910644 for 1 and 910645 for 2.
UV-vis spectroscopy
UV/Vis spectra were measured using a JASCO V-570. A sample solution (ca. 10 ¹6 M) was poured in a quartz cell with an optical path length of 1 cm.
Electrochemical measurements
Electrochemical data were recorded using an ALS-750A voltammetric analyzer (BAS Inc.). A series of measurements was carried out in a standard one-component cell under an Ar atmosphere, using 3mmº glassy carbon (Tokai Carbon Co., Ltd.) as a working electrode, platinum wire (The Nilaco Corporation) as a counter electrode, and an Ag + /Ag reference electrode. As an internal standard, either ferrocene or decamethylferrocene was added after each measurement. n-Bu 4 NClO 4 (TCI Co., Ltd.) as a supporting electrolyte was recrystallized from ethanol. Dichloromethane (HPLC grade, Kanto Chemicals Co., Inc.) was used as received.
Results and Discussion
Single-crystal XRD analysis
The structures of 1 and 2 were investigated by means of singlecrystal XRD analysis (Fig. 2) . One of the most significant features in the crystal structures was orthogonality between the triarylamine and dipyrrinato ligand. The average dihedral angles between the two entities were 83.55 and 74.80°for 1 and 2, respectively. The structural feature implies that interaction in the ground state between the two moieties is not outstanding. Other structural features were almost the same as those of other bis(dipyrrinato)zinc(II) complexes: 8 The zinc centers adopted tetrahedral coordination spheres (dihedral angles: 87.45 and 82.90°for 1 and 2), and the zincnitrogen bond lengths spanned from 1.9681.976 ¡ (average: 1.973 ¡) for 1, and 1.9651.968 ¡ (average: 1.967 ¡) for 2. Figure 3 shows normalized UV-vis spectra of triarylamineconjugated bis(dipyrrinato)zinc(II) complexes 1 and 2 in toluene. As a reference, those without triarylamine, 3 and 4, were overlaid. The intense absorption in the visible region of 3 ( max = 491 nm, ¾ max = 150000 M ¹1 cm ¹1 ) and 4 ( max = 508 nm, ¾ max = 151000 M ¹1 cm
Photochemical properties
¹1
) can be assigned to intraligand O-O* transitions of the dipyrrinato ligands. The O-O* absorption of 1 ( max = 489 nm, Figure 2 . ORTEP drawings of 1 and 2 with a thermal ellipsoid set at the 50% probability level.
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) were almost comparable with those of 3 and 4, though slightly broadened. On the other hand, the fluorescence of 1 and 2 was negligible. Considering the fact that 3 ( em = 513 nm, º F = 0.18) and 4 ( em = 533 nm, º F = 0.17) showed moderate fluorescence intensities, the triarylamine moieties served as fluorescence quenchers in 1 and 2. , and TAA denote the dipyrrinato ligand, divalent zinc ion, and triarylamine moiety, respectively. In addition to the oxidation of the two dipyrrinato ligands observed in 4, that of the two triarylamine moieties participated in the four-electron oxidation in 2. On the other hand, the reversibility of the oxidation of 1 (E pa = 0.33 and 0.44 V) and 3 (E pa = 0.37 and 0.53 V) was very poor. The difference between 1 (or 3) and 2 (or 4) is the ethyl groups on the 2 and 6 positions of the dipyrrin moieties. Therefore, we can conclude that bis(dipyrrinato)zinc(II) complexes owe electrochemical reversibility to the ethyl groups on the 2 and 6 positions of the dipyrrin moieties.
Electrochemical properties
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Conclusions
We successfully synthesized triarylamine-conjugated bis(dipyrrinato)zinc(II) complexes 1 and 2 and revealed their photochemical and electrochemical properties. The introduction of triarylamine to bis(dipyrrinato)zinc(II) complexes drastically changed their fluorescence quantum yields. 1 and 2 underwent oxidations up to four electrons, ascribable to the two triarylamine moieties and two dipyrrinato ligands. The series of measurements suggested the presence of electronic interactions between triarylamine and bis(dipyrrinato)zinc(II) complexes. Electrochemistry, 81(5), 337339 (2013) 
